Worldwide significant amounts of food waste are generated daily causing 27 serious environmental issues, occupying land and requiring expenditure of 28 resources for its treatment. A smart method for handling this food waste 29 problem is the development of novel processes targeting the conversion of this 30 waste into value added products. Although valorization of food waste to biofuels, 31 biochemicals and bio-polymers have been widely investigated, the utilization of 32 food waste streams into biofertiliser has not been intensively reviewed. 33
Introduction 51
Food waste can be defined as the outlets of the food production industry, which 52 are not currently used for defined end-products, not recycled or used in an 53 alternative manner. These products have a lower economic value than the cost of 54 collection or reuse in a traditional food production stream. There has been a 55 growing concern over the generation and suitable treatment of food waste. In 56
Europe and North-America, around 95-115 kg food products are wasted per 57 capita per year (Gustavsson et al., 2011) , the majority of this waste ends up as 58 municipal solid waste (MSW). According to a FAO report, around 1.3 x10 9 t of 59 food is lost or wasted globally per annum (Gustavsson et al., 2011) , which 60 equated to approximately 30 % of the weight of global crude oil output in 2011. 61
Besides wasted food products, waste streams generated in industrial food 62 processing systems and agriculture residues from plant cultivation also 63 contribute significantly to food waste. Food processing waste can be defined as 64 Table 3 lists the composition analysis of compost which is derived from food 274 waste via aerobic composting process. The typical dry matter, total nitrogen (N), 275 ammonia nitrogen (NH4-N) and phosphorus (P) content in the compost are in 276 the ranges of 44-52 %, 0.9-3.0 %, 0.5-6.0 g/kg and 0.3-0.7 % (Table 3) from alkaline hydrolysis of a compost contains 5.1 % total nitrogen (N), 0.37 % 298 phosphorus (P) and 1.2 % potassium (K) (w/w, db). The total nitrogen content 299 of SBO was higher than that of compost (Table 3 ) and the phosphorus content 300 was similar to that of compost, indicating it could be a high quality biofertiliser. 301
The addition of SBO at a low dose of just 140 kg/ha significantly increased 302 growth and productivity of red pepper (Sortino et al., 2013). The application of 303 SBO as a biofertiliser also promoted plant growth and reduced plant disease for 304 beans (Baglieri et al., 2014) and radish (Monterumici et al., 2015) . 305 306 6. Direct returning agriculture residues back to soil as biofertiliser 307
Agriculture residues, such as wheat straw, rice straw and sugar cane bagasse, are 308 typical waste streams generated in food production supply chains. Crop residues 309 have been intensively investigated for the production of bioethanol (Mafe et al., 310 2014). Incorporating straw into the soil as a biofertiliser is a typical agriculture 311 practice in many regions. A recent farm survey in the UK indicated that around 312 36 % of cereal straw is returned back to the field (Glithero et al., 2013). In USA, 313
The direct return of straw back to soil process is simple and straightforward 323 process, with direct return meaning ploughing of the crop residue back into soil 324 after crop harvest and pulverization of straw (Figure 3) Pseudomonas and Acinetobacter for the degradation of lignin but found 20-40 % 362 lignin was degraded after a 7-d cultivation. In order to further improve straw 363 degradation, synergistic reactions in a multi-enzyme system, with a 364 microorganism consortium are preferred. The appropriate combination of 365 bacteria and fungi usually results in an efficient degradation (Zhao et al., 2000) . A 366 case study revealed that the synergistic degradation of rice straw between 367 cellulosic and lignin-degrading microbe was more effective than that carried out 368 by any individual strain (Zhao et al., 2000) . Table 4 lists several reports 369 regarding the impact of in-situ degradation on soil nutritional properties. after returning all the produced straws back to the field, the capacity of the 466 ploughed layer increased by 0.19-0.20 g/cm 3 , non-capillary porosity increased 467 by 0.5-3 %, and the number of particle cluster with a diameter greater than 2 468 mm raised by 202.9 %. Therefore, the air permeability, heat preservation and 469 water conservation of soil were improved (Wei et al., 1990) . In Lingchuan, 470
Shanxi province, China, around 1/3 of the maize straw is used as a biofertiliser 471 and is returned back to field. As a result of this activity over 10 y, soil The utilization of food waste in AD has already been established at a commercial 512 scale. The digestate in AD plant using food waste as sole or main feedstock has 513 been used as biofertiliser in the agricultural sector. Currently, the technology for 514 converting certain food processing waste and proper source separately MSW is 515 well developed (Rigby and Smith, 2011). However, the heterogeneous nature of 516 food waste is still a challenge for operating an AD efficiently and for controlling 517 subsequent biofertiliser quality. The excessive usage of nitrogen fertiliser in 518 farmland could lead to various pollutions, such as nitrate leaching to drink water, 519 ammonia volatilization and NOx emissions to atmosphere (Zavattaro et al., 2016) . 520
In 1991, EU approved the Nitrates Directive, to regulate the annual load of 521 nitrogen fertiliser to agriculture land, especially in Nitrate Vulnerable Zones 522 (Zavattaro et al., 2016) . In the UK, the maximum total nitrogen loading rate must 523 be below 250 kg per ha within any 12 month window for an individual field in 524 the Nitrate Vulnerable Zones. This restriction also applies to biofertiliser, which 525 is derived from AD plants. With the soaring installed AD capacity in recent years, 526 biofertiliser supply could exceed the local demand in the near future. As the 527 storage of biofertiliser is challenging, in order to spread biofertiliser into a farm 528 in a further distance from the AD plant, a cost effective drying technology is 529 desired to remove the water content in the digestate, which will enable 530 biofertiliser to be transported at a reasonable cost. co-digestion of food waste with activated sludge for biogas production only with 593 co-production of biogas and biofertiliser in Singapore. With the assumption thatannual revenue of co-production of biogas and biofertiliser was estimated to be 596 180 % higher than the sole biogas production. However, the capital investment 597 of these two approaches has not been discussed. Returning straw back to soil could be a low cost option to generate an organic 613 fertiliser from high lignocellulosic food waste. In situ straw degradation using 614 only indigenous microorganisms takes considerable time, normally 3-6 months. 615
The long decaying period limits the amount of agriculture residue that could be 616 loaded into the field. External addition of soil microorganisms is inevitable for 617 increasing the loading rates of straw in order to enhance soil fertility or for 618 reducing the decomposition period to enable field for the next rotation of crops. Tables  1065  1066  Table 1 The best decomposition resulted in Sterling, summit, with wheat-fallow rotation; Crop yields between the P and no-P fertilized halves of each experimental unit were not significantly different 
